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ALFALFA u ٣ 
Location Baseline Source 
New Mexico, Arizona 0.96-1.93°VPD | Abdul et. al. (1985) 


Nebraska, Kansas, Minnesota 0.51-1.92"VPD 1050 (1982) 
maximum AT=2.0 C 


BARLEY 
Arizona sunlit, pre-heading 2.01-2.25 “УРО 1050 (1982) 
Arizona  sunlit,post-heading 1.72-1.23"УРР 1050 (1982) 


Beets 

Arizona 5.16-2.30 *VPD 1050 (1982) 

Chard 

Arizona  2.46-1.88'VPD 1050 (1982) 

Corn 

Arizona 3.11-1.97"VPD 1050 (1982) 
Nebraska 2.67-2.059*VPD Gardner (unpublished) 
Cotton 

California 2.06-1.73*VPD Howell et. al. (1984) 
California 1.00-2.09"'VPD . Reginato (1982) 


California (3ft. beds, single rows) 

1.68-1.82"VPD Howell et al. (1982) 
California (3 ft. beds double rows, ) 

2.08-1.80'VPD Howell et al. (1982) 
California (3 ft. beds, single rows) 

2.06-1.73*VPD Howell et al. (1982) 


Arizona 1.49-2.09*VPD 1060 (1982) 

` Arizona 1.71-1.90°VPD Pinter et al. (1982) 
Arizona maximum AT=3 Pinter et al. (1983) 
Arizona 2.0-2.24*VPD Reginato (1983) 


Texas (50% ground cover) 2.20-0.98*VPD Wanjura et al. (1984) 
maximum АТ-5 Wanjura et al. (1984) 


Cowpeas 
Arizona 1.32-1.84'VPD 1050 (1982) 


Cucumber 


Arizona sunlit — 4.88-2.52'VPD Idso (1982) 
Arizona shaded  -1.28-2.14" VPD 1050 (1982) 


Fig Tree 
Arizona 4.22-1.77°VPD Idso (1982) 


Green Beans 


Arizona sunlit 2.91-2.35*VPD 1050 (1982) 
Arizona shaded -1.57-2.11 Idso (1982) 
Guayule | | 
Arizona | 1.87-1.75*VPD 1050 (1982) 
Kohlrabi 

Arizona 2.01-2.17"VPD 1050 (1982) 


Lettuce, leaf | 
Arizona 4.18-2.96 'VPD 1050 (1982) 


Peas 

Arizona © 2./4-2.13" PD Іаѕо (1982) 
Potato 

Arizona 1.17-1.83'VPD Idso (1982) 
Pumpkin 

Arizona sunlit 0.95-1.93" VPD Idso (1982) 
Arizona shaded -1.32-2.10*VPD |450 (1982) 
Rutabaga 

Arizona sunlit 3.75-2.66' VPD Idso (1982) 
Arizona shaded -0.50-2.51'VPD 1050 (1982) 
Soybean 


Kansas,Nebraska, North Dakota — 1.44-1.34" VPD Idso (1982) 
maximum AT = 3.0 C 


Squash,hubbard 
Arizona sunlit 6.91-3.09*VPD 1050 (1982) 
Arizona shaded 2.12-2.83'VPD 1059 (1982) 


Squash, zuccini 
Arizona 2.00-1.88'VPD 1050 (1982) 
maximum AT = 4.0 


Sugar Beet | 
Arizona 2.50-1.92*VPD Idso (1982) 


Sunflower 
Kansas 0.66-1.95*VPD 1060 (1982) 


Tomato | 
Arizona 2.86-1.96"ՄՔԾ Idso (1982) 


Turf Grass | 
Kentucky Blugrass 7./-2.2"VPD (Throssel, Univ. of Georgia, 
unpublished) 
maximum АТ-12.75 


Turnip 

Arizona 1.94-2.26*VPD Idso (1982) 
Water lily 

Arizona 8.99-1.93" VPD Idso (1982) 


Wheat, produra 
Arizona pre-heading 3.38-3.25'VPD 1050 (1982) 
Arizona post-heading 2.88-2.11"УРО 1060 (1982) 
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S.C. DeSutter Copy : R. Felice, D Cooper‏ :ہکا 
From: B.R. Gardner‏ 


Subject : New Baselines 


This memo provides a listing of the code to be used for the given crops and 
thé limitations attached to each. ` 


All indices are calculated as [(Diff-min)/(min-max)]*100, rounded off, ie, 
no decimal points. The scale thus runs (theoretically ) between 0 and 100. 

` You may wish to change this to have a scale between 0 and 10, with 1 
decimal point. That's your choice. My preference is for the O to 100 scale 
since | can relate the scale to percent stress more easily. 


The criteria for selecting the VPD restrictions are based on statistical 
theory and a theoretical analysis of each baseline. It was assumed that 
sensor calibration errors (at equilibrium) will remain constant during use. 
Any existing sensor calibration problems should have the main effect of 
causing two different Scheduler units to produce slightly different 

indices, but would provide consistent results for a given unit. This is the 
best that can be expected in the "real world". As long as we meet our 
Specs, this effect should be minor. The major concern is what happens to 
the index with "random error", that is , errors produced as a result of 
equilibration problems or sampling error. A "worst case" estimate of 1 C 
(1.8 F) was assumed for these types of errors. In addition, it was assumed 
that differentiating between 0.1 differences in the index was sufficient, 

i.e, the accuracy of the index is within plus or minus 0.1 on the old scale. 
Further, it was assumed that a "typical user" would probably collect 
between 80 and 100 samples (although 180 samples can be collected in 
only a minute). This means that the maximum effect a 1 C random error 
can have on this index is plus or minus 0.2 on the old scale (appendix 1). 
The SAS code used to test each model and their errors is given in appendix 
2. A plot of each model's upper and lower baselines , with their respective 
index errors for a 1 C error in (Tc-Ta) is given in appendix 3 - 











— “ар 


VPD is the vapor pressure deficit 

ՄՔՕ is the vapor pressure gradient, using the procedure used 
for the old models 
‘VPD=(1-rh/100)*0.61078*exp(17.2693882" Ta/(Ta+237. 3) 
Е1= 0.61078*ехр(17.2693882*Та/(Та+237.3)) 
E2-0.61078'exp(17. — o کو‎ 3)) 
VPG=E1-E2 


Turf Index 

a= b=-25 

min = 7-2.5*VPD | 

if VPD LT 3.0 then min=-0.5 

if VPD LT 3.0 then max=11+3*VPD 
if VPD GE 3.0 then max=20+min 


there are no other restrictions on this index 

this index is very versitile and would be the first index of choice for any 
crop on which a baseline has not been developed but on which it is desired 
to do a test, i.e. , an "all purpose" index. There is a strong theoretical 
reason for this. 


Cotton Index | 
a=1.76 b= -1.93 


min = 1.76-1.93*VPD 
тах- 1.76-1.93*VPG 


this index should not be calculated below a VPD of 1.0 


Corn index 
a=2.67 b= -2.059 - 


mins 2.67-2.059*VPD 
max = 2.67-2.059*VPG 


this index should not be calculated below a VPD of 1.5. 


Grapes Index 
a=3.5 b= -1.657 


ոլո» 3.5 -1.675*VPD 
max= 3.5-1.657*VPG 


if VPD LT 2.0 then min = 0.15 


there are no restrictions on this index 


cauliflower index 

=-0.5 b=-1.5 
min = -0.5 -1.5*VPD | 
тах = 2.5-0.5*VPD ; note this is VPD, not VPG ! 


this index should not be used above a VPD of 2.0, except in the case 
of the research instrument for Jon Anderson | 


Celery index 
а--0.5 b=-1.5 


min= -0.5-1.5*VPD | | | 
тах= 3.0-0.5*VPD , this is VPD , not VPG 


this index should not be used above a VPD of 2.0, except in the case of Jon 
Anderson's research instrument 





Lettuce index 
a= 0.5 0--1.5 


min = 0.5 110 
max-4-0.5*VPD , this is VPD, not VPG 


this index should not be used above a VPD of 2.0 , except in the case of 
Jon Anderson's reseach instrument | 




















Sugar Beets 
a=2.50 b= -1.92 


min = 2.50 - 1.92*VPD 
max = 2.50 - 1.92 *VPG 


ኔ 


this index should not be used below a VPD of 1.5 - 


Wheat model 
а--3 b=-1.5 


min = -3 -1.5*VPD 
max= 5 


this index should not be used below a VPD of 1.5 


Alfalfa model 
a=2.04 b=-2.02 


min = 2.04 - 2.02*VPD 
max= 2.04 -2.02 "ՄԵԶ 


this index should not be used below a VPD of 1.5 


APPENDIX | 











REPLICATIONS REQUIRED FOR | 
MEASURING CWSI ТО DESIRED SPECIFICATIONS 


The quality of decisions possible with the Scheduler depends on the 
reliability of the index provided. The reliability of a given index by the 
Scheduler is a direct function of the number of samples taken ,the 
standard deviation of the samples and the degree of confidence desired by 

auser. Statistical theory can be use to directly estimate the number of 
samples required . Understanding the following table is essential: 


Standard Deviation Critical Diff. ٭‎ Reps. #Reps 

of CWSI (0-1 5፡‹ P(0.05) P(0.01) 
0.05 0.02 136 264 
0.10 0.02 544 1058 
0.20 0.02 2178 4232 
0.30 0.02 4900 9522 
0.40 0.02 8712 16,900 
0.50 0.02 13612 26,450 
0.05 0.05 22 42 
0.10 0.05 - 87 169 
0.20 0.05 350 677 
0.30 0.05 785 1523 
0.40 0.05 1393 2700 
0.50 0.05 2178 4232 
0.05 0.10 5 11 
0.10 0.10 22 42 
0.20 ` 0.10 87 . 170 
0.30 0.10 196 380 
0.40 | Оло 348 БИ موم‎ 
0.50 | 0.10 ` 550 ` 1100 

Suppose a user sampled a turf area to determine the stress index. He 





found he had an average of 0.20, with an expected standard deviation of 0.1 
(due to sampling and instrument error, etc.). What is the correct ` 
interpretation of these results. The simplistic (but incorrect) 

interpretation would be to assume that the correct average is somewhere 
between 0.1 and 0.3. The correct interpretation requires that two 

additional questions be asked: how many samples and what degree of 
confidence? If 550 samples were collected, and the user accepted a 5% 
probability of error, then it would be correct to say that the true average 

is between 0.18 and 0.22. 
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DATA TEST;INFILE TEST1; 
INPUT RAD TA TC DIFF VPD; 
PROC MEANS; 
TITLE > CHARACTERISTICS OF THE DATA SET USED TO TEST THE CWSI MODELS’; 
ste sk ok sk ak okt ok ot ok ok ok ok of R k CALCULATE THE TURF MODEL kaksi sh sk ai se sk si o E j 
DATA ONE; INFILE TEST1; 
INPUT RAD TA TC DIFF VPD; 
DIFF=TC-TA; 
Az7;Bz-2.5; 
MIN=A+BaVPD ; 
IF УРО LT 3 THEN МІМ--0.Б; 
IF VPD GE 3 THEN МАХ-20-М1М, 
IF VPD LT 3 THEN MAX=11+3VPD; 
I1=(DIFF-MIN) / (MAX-MIN) ; 
LABEL I1=’TURF INDEX; 
АТ1- ((DIFF-1)-MIN)/ (МАХ- -MIN) ; 
LABEL AI1= TURF INDEX -1 С ERROR IN DIFF’; 
ВІ1-((ОІҒҒ»1)- қы. Эн 
ERROR1z(AI1-I1 | 
ЕККОК2= (BI1-I1 
LABEL ERROR1= ERROR IN CWSI WITH -1 ERROR’; 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR? ; 
LABEL BI12?'TURF INDEX +1 ር ERROR IN DIFF’; 
TITLE’ ERROR IN CWSI--TURF GRASS’; 
TITLE2?WITH 1 C ERROR IN (TC-TA)’; 
PROC PLOT;PLOT  ERROR2»VPDz?»?; 
PROC PLOT; PLOT MIN#VPD=’ ж? MAX#VPD=? +? /OVERLAY; 
TITLE? TURF GRASS INDEX; 
LUTEUS KEES SEE SSK GEND OF TURF ዘ0ሀር[ዚቁቁቀቀቁቁቀቀቸተተቀተቀቀተቸተቀቁቀቐ ፡ 
sk دې ې ږې و بجر ږرږرږر‎ kê CALCULATE THE COTTON MODEL سم‎ +: pit p p و‎ 99 boob; 
DATA ONE;INFILE TEST1; 
INPUT RAD TA TC DIFF VPD; 
DIFF=TC-TA; 
A=1.76;B=-1.93; 
MIN=A+B«VPD ; 
ዮ1=ዐ. 81078420 (17. .2693882sTA/ (ТА+237. 3)) ፤ 
Е2-0.610784ЕХР(17 2693882 (TA+A) / (TAeAv287 . 3)) ፤ 
VPG=F1-F2; 
MAX=A+BaVPG; 
IF VPD LT 2 "THEN MIN--2.9; 
IF VPD LT 2 THEN MAX=2.8; 1,” 
-І1-(ОІҒЕҒ-МІМ) / (MAX-MIN) ; | 
LABEL 11=° СОТТОМ INDEX’; 
AI1=((DIFF-1) -MIN) / (МАХ-М1М) ; | 
LABEL AI1=’COTTON INDEX -1 C ERROR IN DIFF’; 
BI1=((DIFF+1) noe ? 
ር88082- /871-- =፲ 4 | 
ERROR2=(BI1-I1 | 
LABEL ERROR1= ERROR IN CWSI WITH -1 ЕККОК”, 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR j) 
LABEL BI1=’COTTON INDEX «1 C ERROR IN DIFF 
ТІТІЕ?ЕККОК IN CWSI--COTTON ’; . 
TITLE2?WITH 1 C ERROR ІМ (ТС-ТА)”: 
PROC PLOT;PLOT ERROR2#VPD=’s’; 
PROC PLOT: PLOT MIN#VPD=’ ж? MAX#VPD=? ж? /OVERLAY; 
TITLE COTTON INDEX? ; 
кр OR RO RE o END OF COTTON MODEL» ቁ ቁፋ o RR GR GA ; 
ږې رب‎ жок kok CALCULATE THE CORN MODEL ssh heo oco te; 
DATA ONE;INFILE TEST1; 7 
ІМРОТ RAD TA TC DIFF VPD; 
DIFF=TC-TA; 
А-2.67;В--2.059; 
MIN=A+BxVPD ; 
F1-0.61078«EXP (17.2693882+ТА/ (ТА+237.3)); 
F2-0.61078«EXP (17. 26938822» (ТА+А) / (ТА+А+237.3)); 
VPG=F1-F2; 
MAX=A+BaVPG; 











IF VPD LT 1.5 THEN МІМ-0; 
I1=(DIFF-MIN) / (MAX-MIN) ; 

LABEL I12?CORN INDEX); 

AI1=((DIFF-1) - -МІМ) / (MAX-MIN) ; 

LABEL AI1=’CORN INDEX -1 C ERROR IN DIFF’; 
ВІ1-((ОІҒҒ»1)- -МІМ) / (МАХ- МІМ); 

ERROR1=(AI1-I1 ; 

ЕККОК2-(В11-11 

LABEL ERROR1=’ERROR IN CWSI WITH -1 ERROR’; 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR’; 

. LABEL BI1= CORN INDEX +1 ር ERROR IN DIFF’; 
TITLE'ERROR IN CWSI--CORN °; 

ТІТ_Е2°МІТН 1 C ERROR IN (TC-TA) °; 

PROC PLOT;PLOT ERROR2#VPD=’»#? ; 

PROC PLOT; PLOT MIN#VPD=’#’ MAX#VPD=? s? /OVERLAY ; 
TITLE ١ INDEX? ; 

ቁቁቁ ቁ ቁቁቁቁቀቁቁቁቁቸቀ ቀቁቁቀቸቁቁቸቀቁፋቹቁሐቀፎሀዐ OF CORN MODEL s sk sh sk sk sk sk ووو ورو‎ ; 
Sacco ےو‎ ан ¥$ CALCULATE THE GRAPES MODEL st e مس‎ sea ak ak ak sk e رجف وو‎ 
DATA ONE; INFILE TEST1; 

INPUT RAD TA TC DIFF VPD; 

DIFF=TC-TA; 

А-3.Б;В--1.67Б; 

MIN= А+ВжУРО; 

F1=0. 610784ЁХР(17. 2693882*TA/ (TA+237 .3)) ; 

Ғ2-0. 61078*ЕХР (17. 2693882» (TA+A) / (ТА+А+287. 3)); 
VPG=F1-F2; 

MAX= A+BsVPG; 

IF VPD LT 2 THEN MIN= 0.15; 

I1=(DIFF-MIN) / (МАХ- -М1М): 

LABEL І1-”ОКАРЕ5 INDEX’ ; 

AI1=((DIFF-1 -MIN) / (MAX-MIN) ; 

LABEL АІ1-”СКАРЕ5 INDEX -1 C ERROR IN DIFF'; 
811» ( (01ԲԲ«1) -МІМ) / (МАХ-МІМ№) ; 

ERROR1z(AI1-11); 

ERROR2z (BI1-I1); 

LABEL ERROR1=’ERROR IN CWSI WITH -1 ERROR’; 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR’; 
LABEL BI1=’GRAPES INDEX +1 C ERROR IN DIFF’; 
TITLE'ERROR IN CWSI--GRAPES °; 

TITLE2?WITH 1 C ERROR IN (TC- ТА)? 

PROC PLOT;PLOT ERROR2#VPD=’#? ; 

PROC PLOT; PLOT MIN#VPD=’ «° MAX#VPD=? «? /OVERLAY ; 
TITLE 'GRÁPE INDEX; 
жалали GO Oo ooo END. OF GRAPES MODEL***ww*wwwwwwwwww; 
sk بې‎ sk و ور ېښ پر ېښ ېر‎ ok ok ې ېر پو ښ‎ CALCULATE THE CAULIF MODEL жж жж жой oo; 
DATA ONE; INFILE TEST1; 

INPUT RAD TA TC DIFF VPD; 

DIFF=TC-TA; 

А--0.Б;В--1.Б; 

MIN=A+B#VPD ; 

МАХ-2.5-0.Б4УРО 

115 (О1ЕЕ-МТМ) / (MAX-MIN) ; 

LABEL I1=’CAULIF. INDEX" 

AI1z((DIFF- -1) -MIN) / (MAX-MIN) ; 

LABEL AI1z'CAULIF INDEX -1 C ERROR IN DIFF’; 
ВІ1-((ОІҒЕ»1)-МІМ) / (МАХ-МІМ) ; 

ЕККОК1-(А11-11); 

ЕККОК2-(811-11), 

LABEL ERROR1=’ERROR IN CWSI WITH -1 ERROR’; 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR? ; 
LABEL BI1=’CAULIF INDEX +1 C ERROR IN DIFF? ; 
TITLE'ERROR IN CWSI--CAULIPF? ; 

TITLE2?WITH 1 ር ERROR IN (TC-TA)'; 

PROC PLOT;PLOT  ERROR2xVPDz?x?; 

PROC PLOT;PLOT MIN*VPD=? x? MAX*VPD=? x? /OVERLAY; 
TITLE ?CAULIFLOWER INDEX?; 


ааа а SIS OF CAULIF. MOD E L x x x x x s s ېرې * ېر * ېر‎ ; 











sk sk ok жэй ېرې ېرې‎ жон CALCULATE THE CELERY MODEL st بې سه ښپ ېس‎ ooo o; 
DATA ONE; INFILE TEST1; 
INPUT RAD TA TC DIFF VPD; 
DIFF=TC-TA; 
--0.5,8--1.5, 
МЇМ-А-В»ҮРР, 
МАХ-3-0 ,54«ЧРР, 
I1=(DIFF- -MIN) / (MAX-MIN) ; 
LABEL I1=’GRAPES INDEX’; 
AI1=((DIFF-1) -MIN) / (МАХ-МТ М); 
LABEL AI1=° GRAPES INDEX -1 ር ERROR IN DIFF’; 
ВІ1-((ОІҒҒ»1) WIN) / (MAX-MIN) ; 
ERROR1=(AI1-I1 ; 
ERROR2z (BI1-I1 
LABEL ERROR1z?ERROR IN CWSI WITH -1 ERROR? ; 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR? j 
LABEL BI1=’CELERY INDEX +1 ር ERROR IN DIFF 
TITLE’ERROR IN CWSI--CELERY!; . 
TITLE2?WITH 1 ር ERROR ІМ (TC-TA) * ; 
PROC PLOT;PLOT ЕККОК24«УРОР-”«”, 
PROC PLOT; PLOT MIN»VPDz?2? MAX#VPD=? «? /OVERLAY ; 
TITLE > CELERY INDEX? ; 
58448488408448084448888848844ЕМ OF CELERY MODEL s kk k $ b k th k k h $ # ; 
و ورو‎ зр و و و ېو وو‎ CALCULATE THE LETTUCE MODEL ¥ 1 وې ووه ېو ېه وم ورم ېم‎ oh koe ok з 
DATA ONE;INFILE TEST1; 
INPUT RAD TA TC DIFF VPD; 
DIFF=TC-TA; 
Az0.5;Bz-1.5; 
MINZA-«B*VPD; 
МАХ-4-0. БаҮРР 
11-(01ЕР-МТМ) / (MAX-MIN) ; 
LABEL I1=’GRAPES INDEX’; 
AI1z((DIFF-1 ) -MIN) / (MAX-MIN) ; 
LABEL AI1=’GRAPES INDEX -1 C ERROR IN DIFF’; 
BI1=( (DIFF+1) -MIN) / (MAX-MIN) ; 
ERROR1z(AI1-I1 j | 
ЕВКОК2-(В11-11 
LABEL ERROR1= ° ERROR IN CWSI WITH -1 ERROR’; 
LABEL ERROR2=°ERROR IN CWSI WITH +1 ERROR’; 
LABEL BI1=’LETTUCE INDEX +1 C ERROR IN DIFF? ; 
TITLE?ERROR IN CWSI--LETTUCE; 
TITLE2?*WITH 3 C ERROR ІМ (TC-TA) * ; 
PROC PLOT;PLOT .ERROR2»VPDz?»?; 
PROC PLOT; PLOT MIN»VPDz?«? MAX#VPD= ° +? /OVERLAY; 
TITLE "LETTUCE INDEX? ; 
HT END OF LETTUCE MODEL s سر‎ si ste مو‎ k k ور ورو‎ k h 5 
sk ok ok ok ok oke ан ¢ CALCULATE THE SUGAR BEETS MODEL sse وو‎ ak ok ak ake ak ak oF 3 
DATA ONE; INFILE TEST1; | 
INPUT RAD TA TC DIFF VPD; 
DIFF=TC-TA; 
Az2.50;B--1.92; 
MIN=A+BaVPD ; 
Ғі-0. -616764፻32 (37. .2893882«TA/ (ТА+237.3)) ; 
F220.61078*EXP (17. 26938824 (ТАғА) / (ፐለ+ለ+237 . 3)) ፤ 
VPG=F1-F2; 
MAX=A+BaVPG; 
11-(01ЕЕ- MIN) / (МАХ- мїн); 
LABEL I1= SUGAR BEETS INDEX? ; 
АІ1-((ОІЕҒ-1)-МІМ)/(МАХ-МІМ); ` 
LABEL AI1=’SUGAR BEETS INDEX -1 ር ERROR IN DIFF’; 
ВІ1-((ОІҒҒ»1)-МІМ) / (MAX-MIN) ; 
ЕКЕОК1-(А11-11); 
ERROR2=(BI1-I1) ; 
LABEL ERROR1=’ERROR IN CWSI WITH -1 ERROR? ; 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR’; 
LABEL BI1=’SUGAR BEETS INDEX +1 C ERROR ІМ DIFF’; 
TITLE ERROR IN CWSI--SUGAR BEETS’: 











TITLE2?WITH 1 ር ERROR IN (TC-TA) ’; 

PROC PLOT;PLOT  ERROR2»VPDz?»'; 

PROC PLOT; PLOT MINsVPDz?x»? MAX&VPDz? ж? /OVERLAY; 

TITLE > SUGAR BEET INDEX’; 

IISA SEND OF SUGAR BEETS MODEL» ږو روسمس سم‎ bb جب8‎ 
вон kk و‎ Ge ید و ېو ې‎ CALCULATE THE WHEAT MODEL # isas sk s k ہو وو و‎ tš e; 
DATA ONE; INFILE TESTI; 

INPUT RAD TA TC DIFF VPD; 

DIFF=TC-TA; 

IF VPD LT 2 THEN DO;A=2;B=-4.0;END; 

IF VPD GE 2 THEN DO; :А--3; B=-1. 5; ЕМО, 

MIN=A+BaVPD; 

Ғі-0. -6ፀ76#65 (17. .2693882#ፐለ/ (ТА+237. 3)) ፤ 

ር... 17 2693882» (ТА+А) / (ፐል+ለ+237 . 3)); 

VPGsF1-F2; 


МАХ- b; 
፲1= (0፲8ዮ- -М1М) / (МАХ- -МІМ); 
LABEL 11=° WHEAT INDEX? 
AI1z((DIFF-1)- -МІМ) / (MAX-MIN) ; 
LABEL AI1z2'WHEAT INDEX -1 C ERROR IN DIFF’; 
BI1=( (DIFF+1) - ԱՍ ԱՐԵՆ 
ERROR1z(AI1-I1 
ЕККОК2-(В11-11 
LABEL ERROR1= ERROR IN CWSI WITH -1 ERROR’; 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR’; 
LABEL BI1z'WHEAT INDEX +1 C ERROR ІМ DIFF; 
TITLE?ERROR IN CWSI--WHEAT’ ; 
TITLE2?WITH 1 C ERROR ІМ (TC-TA) °; 
PROC PLOT;PLOT  ERROR2»VPDz?»!; 
PROC PLOT; PLOT MIN#VPD=’#’ MAX&VPDz? +? /OVERLAY; 
TITLE > WHEAT INDEX? ; 
844449848844844884444848494ЕМО OF WHEAT MODEL sk st وښ و و رو رب‎ уйй; 
ږې ې ې و رو یو چو ورو‎ СА! СІЛ АТЕ THE ALFALFA MODEL жк سه‎ ai sz sk aik ie aie sie ak ok یا‎ ; 
DATA ONE;INFILE TEST1; 
INPUT RAD TA TC DIFF VPD; 
DIFF=TC-TA; 
A-2.04;B--2.02; 

jJ MINZA-«B*VPD; 
IF VPD LT 1 THEN МІМ-0; | 
F1-0.61078«EXP (17. 2693882%ТА/ (ТА+237. 3)); 
Е2-0.61078-ЕХР(17. 2693882» (ТА+А) / (ТА+А+237. 3)); 
VPG=F1-F2; 
MAX= A+B*VPG; 
፲1= (DIFF-MIN) / (МАХ- -М1М), 
LABEL I1-?'ALFALFA INDEX’; 
АТ1-((01ЕЕР-1)- -МІМ) / (MAX-MIN) ; 
LABEL AI1=’ALFALFA INDEX -1 C ERROR IN DIFF’; 
BI1=((DIFF+1) p PP MIN); 
ERROR1=(AI1-I1 
ERROR2=(BI1-I1 
LABEL ERRORI= ERROR IN CWSI WITH -1 ERROR’; 
LABEL ERROR2=’ERROR IN CWSI WITH +1 ERROR’; 
LABEL 811-2۸۴۸۱۲۴۸ INDEX «1 C ERROR IN DIFF; 
TITLE?*ERROR ІМ CWSI--ALFALFA! ; 
TITLE2?'WITH 1 C ERROR IN (ТС-ТА) °; 
PROC PLOT;PLOT  ERROR2xVPDz?s?; 
PROC PLOT; PLOT MIN*VPDz?xx? MAX#VPD=? ж? /ዐሃፎጽዚልሃ ; 
TITLE? ALFALFA INDEX? ; 
RAO A ROIG OOo ooo END. OF ALFALFA MODEL ot жж ake te eae sk ok ok ; 
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NOTE: 











TURF GRASS INDEX 


PLOT OF MIN#VPD 
PLOT OF MAX«VPD 


SYMBOL USED IS » 


SYMBOL USED 15 * 
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-.---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- --------- --------------- 
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3184 OBS HIDDEN 











ERROR IN CWSI--TURF GRASS 22:27 MONDAY, NOVEMBER 17, 1986 2 
WITH 1 C ERROR IN (ТС-ТА) 


PLOT OF ERROR2»VPD SYMBOL USED IS s 
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МОТЕ: 1592 OBS HIDDEN 
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PLOT OF MIN#VPD SYMBOL USED 15 ٭‎ 
PLOT OF MAX#VPD SYMBOL USED IS » 
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4*4 +f ¥ ¥ 
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МОТЕ: 3150 OBS HIDDEN 
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ሙ=-4፳ ножо Z= 30۴ 67 
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NOTE: 


0.16. 
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WITH 1 C ERROR IN (TC-TA) 


PLOT 08 90 SYMBOL USED IS * 
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1558 OBS HIDDEN 
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CORN INDEX 


SYMBOL USED IS » 
SYMBOL USED IS * 


PLOT OF ۷۲۷۷۲) 


PLOT OF MAX«VPD 
መ= ቶ === መ መ a Վի pe a Վի خا مخ مو ماخ پل کے اخ اخ په و سے کے مهام پل مچ سے کے کے کے ام ام ام‎ dp س ها اب اه اب اخ اما اب م نم پل سے سے اب اخ اخ اخ ښخ وکل کے خب کے سے سے سے کے اخ سے ا ص چب بب سے سے سے خ اخ اخ‎ = 
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VPD 


3107 OBS HIDDEN 


NOTE: 


PAHS HOBO »)م2‎ 202210 
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МОТЕ: 
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WITH 1 C ERROR IN (TC-TA) 


PLOT OF ERROR2»VPD SYMBOL USED IS ٭‎ 
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-ተ--- ሠ» ወ e ս» ---------- ---------- --------- ---------- ---------- ---------- ж--------- ---------- ---------- ---------- ------------ 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 
VPD 


1520 OBS HIDDEN 








GRAPE INDEX 


PLOT OF MIN«VPD SYMBOL USED IS » 
PLOT OF MAX«VPD SYMBOL USED 15 # 


MIN | 
7 + T 
|. 
|* * ቅ ቅ * ቁ փ ቅ * ቅ ቅ ቅ ቅ փ * * * * * 
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|ж ж ж ж ж ቁ * * * * * * * * * * * * * 
| ж * * # * * * * * * փ փ * * * * ж. 
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| ж 8 * ж ж ቁ * * * * * ቅ ቅ * 
|» * փ ቅ * ” ж ቅ ቁ ቁ * 
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3 + 
| 
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2 + 
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1 + 
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-8 + 
-+--------- ---------- ---------- +--------- +--------- ap م سے‎ መመ ---------- ---------- ---------- ---------- +--------- اخ سے کے سے کے ۔  کے سے رہ ام مه‎ 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.5 5.9 5.5 
ҮРр 


МОТЕ: 3115 OBS HIDDEN 
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55 HONEO Zm 202210 
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0.10 


0.08 


МОТЕ: 








ERROR ІМ CWSI--GRAPES 
WITH 1 C ERROR IN (TC-TA) 


PLOT OF ERROR2#VPD SYMBOL USED IS # 
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VPD 


1515 OBS HIDDEN 
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-7 
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Ud Wesce ыы хи վի աաա тылы وج تو‎ 


NOTE: 
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ҮРр 


3184 OBS HIDDEN 








CAULIFLOWER INDEX 


PLOT OF MINxVPD 
PLOT OF MAX«VPD 


SYMBOL USED IS » 
SYMBOL USED IS » 
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МОТЕ: 








ERROR IN CWSI--CAULIF 22:30 MONDAY, NOVEMBER 17, 1986 10 
WITH 1 C ERROR IN (TC-TA) 


PLOT OF ERROR2#VPD SYMBOL USED IS * 
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5.5 5.9 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 


1592 OBS HIDDEN 














CELERY INDEX 


PLOT OF MIN»VPD SYMBOL USED IS ٭‎ 
PLOT OF ۷۴0 SYMBOL USED 15 » 
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NOTE: 3184 OBS HIDDEN 
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Է -ՎՎՔ ныожо ZH 202210 


200/20 20171 + 
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ERROR IN CWSI--CELERY | 22:31 MONDAY, NOVEMBER 17, 1986 12 
WITH 1 C ERROR IN (TC-TA) 


PLOT ОҒ ЕККОК2»\РО SYMBOL USED IS » 
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1592 OBS HIDDEN 
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PLOT OF MIN«VPD SYMBOL USED IS # 
PLOT OF ۷0 SYMBOL USED IS « 





3184 OBS HIDDEN 
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МОТЕ: 











ERROR ІМ CWSI--LETTUCE 22:31 MONDAY, NOVEMBER 17, 1986 14 
WITH 1 C ERROR IN (TC-TA) 


PLOT OF ERROR2«VPD SYMBOL USED IS » 


— վթ کہ‎ 
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 Б.О 5.5 


1592 OBS HIDDEN 


SUGAR BEET INDEX ` 


PLOT OF MIN*VPD SYMBOL USED IS » 
PLOT OF MAX#VPD SYMBOL USED 15 «4 
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NOTE: 3107 OBS HIDDEN r 
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+ + ¥ 
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МОТЕ: 


1555 OBS HIDDEN 








PLOT OF ERROR2sVPD 
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ERROR IN CWSI--SUGAR BEETS 
WITH 1 C ERROR IN (TC-TA) 


SYMBOL USED IS * 
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МОТЕ: 
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3184 OBS HIDDEN 
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WHEAT INDEX 


SYMBOL USED IS » 
SYMBOL USED IS » 


PLOT OF 0 
PLOT OF MAXsVPD 
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МОТЕ: 
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WITH 1 C ERROR IN (TC-TA) 


PLOT OF ERROR2»VPD SYMBOL USED IS ٭‎ 
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ALFALFA INDEX 


PLOT OF MIN»VPD SYMBOL USED IS « 
PLOT ОҒ MAX#VPD SYMBOL USED IS ж 
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| | * * * 
| * * * 
0.09 + * 
| 
| 
0.06 | 
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Ei < ه کہم‎ 
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UT 
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S^ 3, 3. መ 
і tpe 5Т-27 
LS HARÎ Նո pe answerer 


іп order to comrrenensivels understend Lhe behavior o 
index оп turf svrvessss the following euest 
E There sre six mador catedories of euesiionst 


. Gress Lurne/^mixturss | 
Manegement Fraeetices/Desisgn Considerations 
. Sail Water | 
፥ Theoretical 
) : Intereretetian 
| » Ё 7 0 7 


ээг 





ээж Ture /Misxtures 





does gresg tuyere ¿(cool &essons нати seasson)sspecies‏ ؛ 

HETER Toucuoss eto» and variety affect the index? 

ነ raus Srecle-c- (ቪከፎዮክህ ፤8» fesuces 514 Auitueline: etocs ӨМС.) 

| rege varbictu-- GPennceross bermudes Emerald termuda و‎ Toronto bermuda, 


ates ete» etos for осер trees erecied, 
«Աղան 15 tie affeck af srass mixtures on the turf index? 


> How does maturally occurins dormency effect the ийет Wnet 


i is երը effect of а mixture of dormant end reedile “конілі species 
بت‎ tne index? 
| | 
Menedement Prectices/lesign Considerations | 
| 
| CHEER Առարցա--լճ Lhe ursus subdeocLed to freauent traffic, such as պ 
erectice muttins green: or is it seldom walked an (marku) ከህ comrmravrison? 
) 


ALLIS үш ریبز سس‎ ՆՈՆ all ՇՆՈԵՐ fectors retain Vie 5418» how 
поез putting heisnt effect tne 117 


. ԳՈՇԸ the terve/snereeness of leatn mover used to cut the turf nave en effect? 


ç HW ዘህርከ da ՎԻ: elierlinss o? whet densitet) affect the index? 






Inat effect goes thateh heve? how does this effect interact with 


እ Мізгір ես» planit thickness and surface webness7 





22. iz tne effect of variations in plent densitet How Goes this effect 
نه ترا‎ with ՏԱՐՔՅԸՆ sail wetness or despesa? How does this effect 
interact with windsreed? 7, | 





НН 
[ጽን 
=ч 
” 
rese 






now does slore and bffect the index? Are differences in the 
index on slored BVE TTS flat areas the result of seeing more — 
thateh/zoil or із there also a "real" effects j ip do slored areas 
j gctumul exeserience нөгейбір lesg) stress derandin on their 
i exrosure to the sun? How does this effect index resdinds/mensemernt 


ር ጋው ከኒፎዮባበፍ Gn s greep T 


Rr d 


‚ cultivation zgracticezs--how does Garages Lorrvdressings vertical ون1‎ 
mebbings adding wetting esentass ete. affeck the index? 


3 What is the optimum irrigation timing seauence for a given tere of ԵԿԻՐ» 
aes ë function of soil turer locations and useage? Can these timing 
seauences be inferred from index readings? How can "ՇՔՆԼոստ" ከፎ defined? 


(Mist mangdemant solutions ere available far localized "hot spots" identified by 
the 5ፐ-ፎያዋጥ Trrigating መ hot srot via 20206100 sprinkler Рат реге may 

result in waterlousins adiiscent агаве which in turn would make the 

eqd.igcent areas warmer, Haw detrimnentel is this? Must a ¢reen be 

Ч rebuilt іп order to effectively eliminates some ПО ЛТЫРОГ 5? 


፥ What effect does mowing freguence nave an the index? 


‚ NOH Goes surirdins interact with Lhe index? Сар the index be used 
after а seringins for єг useful rursose? 


«van БЕТІНЕ Тет need distribution Раберт pe effectively djudsed 
With the index?" How? 






ш do index readings compare with Llensicmneter/soil moisture reedinge? ել y I 


፥ HOw dows selinitwu in the soil and water affect the index Դ ի 0 Ç Ն 


¿O hat is tne effect of soil FH on the index? 


«C -ህ 

| ፥ What is the relebiongshie between morning dew retberns and AN ۱ | 2 
afternoon turf temrerature вал ене” Mornins dew рөББеРНЫ represent 
ë Comrkeotitins techmolady to find bhe drs srots on s dren, 







, is the effect of soil oxesen derleiion on the index? Haw long 
Lnis ӨТГєС lest? How lunes does il take for this effect to rroduce 
' chensez in visual 048111 я4 Clow index mumberss wilh roor visual characteristic). 


ታዴ) 52 s 





፥ irrigation ዮኮየኮመርፒ1ርፍፍ5።”ከዐህሣ dass the style of irrisstion interact with 
E index values " How derendent is this on site srecific soil characteristics 
and climatic conditions" 


Unat effect does windsreed have on the index? Under whet 





What is the effect of sir temrereture on all Lhe above intleractians? 


) + Ռոս ባህ index readings ርዐር]ዝበኮቹኮፎመ with soil temperature readings? 


m 


ՀՎ What is the effect of suatrenic end netlerabrornic рес бетта? 


Interreretatian 


is 8 turf աւեր roor visual auelities, but low index resdinis 
Cuprrenblwe in the "recovery" mode? 


| 1 
ማከርህዝ lone does it Lake a particular grass srecies to recover soad 
visuel srroarance after its visual ehersecteristies neve been 
ijmraired?* How does this interact with the index? 


liat іс երը best standerd with which to сошгшг visusl 4148111м and 
adsronomic health between turf locsted st different sites? 


. ከህህ does aver-irrigation 12111۳ اغ #ه‎ the index and turf euselitesr esrecially 
over time? oes this predispose ریب‎ greg to hevind Frablems if water 
Sure] Les suddenly become restricted? 


(sy visual aualitu--unst is the relationsihire between visual auality + the. 


ТАГТ index and 11 the ebove variables, 


Agronomic Concerns 


Шізегее effects оп turf temmPera^lure - is the disease fest eclhing 
بت)‎ የ11 کڅا لف‎ ( ar dues li develor aver times with а corvresrondins effect 
om Plant temrerstures?* Hoes the disease affect кап Llemreretures? 


፥ fertilizer effsobu--wuhat is the effect on Flant tenrerstures of 
turf that is short in МЭҒэК or various micronutrients? | 
| | 
+ vcnemicsel effects--whet Darrons ta elent bLemreretures whem various 


funsicides sna insecticides sre ЁРР11647 
| 


| 
(How does the index work որ газаа Which rou primarily in tne shade? 


: Nhat is the orlimum rooting derth for в turf srecies? Саг roating 
Herth be controlled աեր tne index? How does timo of veer interact 
With this abJective? 


. How does the orftimum БҺісзісшісіі temrereture of а rges orecies 
Lntepech with the index and ell the gboye? Wnt is the OF Li MAM 
biological temrerature for а given Srees sreciess ar dress mixture? 
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Чи Ў ነ 
I believe we should incorporate ап alternate index into 1 i Ж 
our options. There are users who complain about 4% ی‎ 
inconsistency in the current index. حم‎ 7 ህላ , o 
the 2ecu о errors imgectimacing the true піди #“ ነ S W. 
temperature.of.a.crop for „a given day. Тһе factors which WW ) б 
may cause these errors include: x y / 
Վ ժ ۴ 
ЖМ. Factor КАТ, ж 
ان‎ ۱ “Эгэл 0 ኣ ն 
ም ounddghE уактар ۰ی‎ : ՆԱՍ 
My Percent ground cover T ի 
ኮህ 5- Windspeed variations |, | AE اس‎ 
۷ mr VCO 0009920-7 0 
А (This factor, just recent discovered) ՇՕշ varies 
4 with soil moisture and the amount of decomposing 


organic matter.‏ یا 
سم a‏ د Age OB‏ ہیا m y^‏ 


Sampling technique 


Time of day‏ ساسا 
ABT з Genotype‏ 
ЖА surface. wetness of the soil‏ 


Instrument differences 
Air temperature fluctuations 
Baseline errors 


It is probable that no mathematical model will be 
developed in the near-term which can remove all these 
SOURCES: OL variability. ԼԵ 15 alse Clear that Scheduler 
sales/reputation hinge on the ability to absolutely 
minimize all sources of variability not associated with 
transpiration. In other words, the Scheduler index must 
be consistent despite all aforementioned potential sources 
Ot error: | 


There is a way to accomplish this objective. I have 
tested this method on the cucumber data from Wisconsin and 
am convinced that this procedure should become a part of 
our options in selling/using the Scheduler. 


8 син utile 4. 
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| yn 

|” «የ 
The method requires a user to ga ይፍ an area has cee" PTS 
been recently irrigated 1 Ё (27 a” 





requires very little judgment). The user cota ре ТҮС Б » 09" 
walk into this area and take 30-40 samples. No index 
would be produced at this point. The user has just 
calibrated his baseline to adjust it to all the 
aforementlohned.sources of variability, including 
instrumentation. 


How is this done since the stress status of the field is 
not known (but by definition it should not be іп a 
severely stressed status)? After the samples are taken, 
the CPU calculates the mean and standard deviation of the 
crop temperature and the mean sunlight level. The 
quantity [(Tc-Ta) - Std] for a reasonably non-stressed 
field is the minimum baseline. 


How would this change the way in which the current index 
15 7۶پ‎ 


The current index is: 
10-50 (Date «յրի "(Мам = Min) 
where Min = a + b * VPD 
The new index is: 
10 * (Diff - NMin) / (Max - Min) 
where NMin is the statistical minimum 


AS you can see, the denominators are identical, since the 
denominator represents the potential spread between 
stressed and non-stressed plants. All that has been done 
is to substitute a statistically measured value for Min in 
pace of a computed value based on VPD. The suggested 
substitution can be expected to greatly աաա the 
Stability of the index. 
J^ * ړل‎ 

i / 5 

BRG/1b 1/ QM. ሖ “ሥ 

















Subject: 


Memorandum 


771. к. Riley E | . ** — 11/24/87 


p B. R. Gardner ի | Сору էօ: 


рАТА REQUIREMENTS FOR BASELINE DETERMINATIONS ` 








Description of aiming technique. The technique must 
insure that the vast majority of vegetation in the 
field of view is sunlit. Shadows measured must be 
minimal. We should be کو‎ ን for Засал the 
aiming technique, 


Dates of rainfall and irrigation. Without these, 
interpretation of trends is difficult. 


Yield and/or quality data. This allows us to determine 
if the patterns presented are representative of normal 
and below normal agronomic results. 


A comparison area, i.e., an area which has a much lower 
yield than normal (less than 1/2 of normal). 
Irrigations, rainfall dates, yield/quality and 
Scheduler® Plant Stress Monitor data from this area are 
also needed. The area does not need to be ووس‎ 


Transfer: «ያ ‘the ‘Gace in? the. 2222 format to Standard 
Oil Engineered Materials Company. Өй: 5 1/4 inch 
diskettes. All data ‘should 59 “Clearly documented. 





An agronomic description of. жийнс 


oe - When the season. begins. 


b. “Ном the crop changes in physical. ‘appearance 


through the season. 
ریو‎ When harvest occurs. 


d. If a perennial crop, the Unportsnee: of post- 2 | 
harvest. treatments to the following. year! s..crop. 


e. Factors nick are known: 'to affect the yield and | 


quality of the crop. For. шэн , 1ب‎ ۳٦ 


f. Critical time periods ү к ወለዬ. 
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| 7. ል description of the cultural practices used. Are 
| these practices representative օք the industry? Are 
. these industry standards or accepted practices? 


8. Scheduler data should be obtained three times weekly 
(Monday, Wednesday, Friday) at a minimum. 


9. Care must be taken to take data during optimal 
| ` conditions as much as possible. 


` BRG/lb 
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| gestion, the new values become the default parameters for the 
jurrent session only and are not saved to diskette. 





You have the option of changing the tabular baseline data 
ապի has been excerpted in part from Idso (1982). То do this type 
"0" in answer to the question asking Crop ID Number. This will 

dis ау the Crop Baseline data and give you the option to choose a 


new crop. Pick a number and change the data b nsweri 
questions. At the finish of this option you wil ‘fave REA option of 


renaming the crop common name and either replacing the current crop 
14 with the updated parameters or adding the information to the 
table. The first 2 letters of the crop common name and the 2 numeric 
crop jd codes will be combined with the day of the year to create the 


file name and minimize redundancy. 


It is anticipated that this convention of updating parameters and 
assigning default values to a particular diskette can be used to 

simplify operation. Different crop ids can be assigned to the same 
|common names and baseline data if there is a need to keep the data 
for different experiments separate or if different numbers of plots 


are involved. 








N 


id . ---Сошшоп Name--- --Scientific Name-- slope inter Ra 
| 1 Alfalfa M. sativa L. -1.92 0.51 10.0 
| 2 Barley, pre-heading H. vulgare L. -2.25 2.01 10.0 
3 Barley, post-heading Н. vulgare 1. -1.23 1.72 10.0 
4 Bean P. vulgaris L. -2.35 2.91 10.0 
5 Corn, no-tassels Z. mays L. -1.97 3.11 10.0 
6 Cotton G. hirsutum L. -2.09 1.49 10.0 
| 7 Guayule P. argentatum G. —1.75 1.87 10.0 
| 8 Soybean G. max L. Merr. -1.34 1.44 10.0 
| 9 Sugar Beet B. vulgaris L. -1.92 2.50 10.0 
| 10 Sunflower Н. annuus ն. -1,95 0.66 10.0 
| 11 Tomato Ն. esculentum Mill. -1.96 2.85 10.0 
112 Wheat, pre-heading Т. durum Desf. -3.25 3.38 10.0 
113 Wheat, post-heading Т. durum Desf. -2.11 2.88 10.0 
| 14 crop x I. dontus knowus 1.00 0.00 10.0 
| 15 crop y I. dontus knowus 1.00 0.00 10.0 
|16 crop 2 I. dontus knowus 1.00 0.00 10.0 


| enter 0 to list current crop id numbers 
| enter crop id number ( 0): 


ЕР 


| days selected. 

|. regression of CWSI օո days for a particular plot. The 95% error 
associated with the predicted day usually appears relatively large. 
error will always be at a minimum when the "predicted" 


х Еп4 ХХХЖЖЖЭХЖЖЖЖХЖХХХЭХЭЭХЖХХХЭҮЭЭХЭХЭЭЭҮХХЭЭХХХЭХЭЭЭЭЖЭЭЖЖХЭХХЭЖЭЭЭХ 


. ԺԱԺ: Q Q Q Сл Q Q ت ضف وی‎ aaa om 


The predicted irrigation day is calculated via linear 


ዕ 


ОоОсосососососососсосососс aot 


. ծ 


This 


day is near the 


type cwsibak.part 
* CWSI Parameter File 


Жжжж Crop Parameters ቾችችች 

crop id number 1 see table below 

n yer of plots: 4 of data collected 
Psychrometric Constant: 0.066 іп kPa/C 


жжжж Ambient Meteorological Conditions ЖЖЖЖ 


Barometric Press: 100.0 in kPa 

Net Radiation: 600.0 in W/M^2 
Air Density: 1.29 in Kg/M^3 
Air Heat Capacity: 1003.2 in J/(Kg C) 


жжжж Program Parameters ЖЖЖЖ 
use drive А for output data 


ЖЖЖЖ Slope & Intercepts (from Idso, 1982 table 1) жжжж Threshol 

id 4 ---Сошпоп Маше--- --Scientific Name-- slope inter Ra Rep CWSI 
1 Alfalfa M. sativa L. "192 0551 10.0 5.0 0.25 
2 Barley, pre-heading H. vulgare L. "vu 225001 10.0 5.0 0.25 
3 Barley, post-heading Ч. vulgare 1. 522 44212 10.0 5.0 0.25 
4 Bean P. vulgaris L. کہ رت‎ [1 10.0 5.0 0.25 
5 Corn, no-tassels 2. mays L. 512947: 53211 10.0 5.0 0.25 
6 Cotton G. hirsutum L. -2.09 1.49 10.0 5.0 0.25 
7 Guayule Р. argentatum G. -1.75 1.87 10.0 5.0. 0.25 
8 Soybean G. max L. Merr. -1,34 1.44 10.0 5.0 0.25 
9 Sugar Beet B. vulgaris L. -1,92 2.50 10.0 5.0 0.25 
10 Sunflower H. annuus L. -1.95 0.66 10.0 5.0 0.25 
11 Tomato L. esculentum Mill. -1.96 2.86 10.0 5.0 0.25 
12 Wheat, pre-heading T. durum Desf. -3.25 3.38 10.0 5.0 0.25 

| Wheat, post-heading T. durum Desf. -2.11 2.88 10.0 5.0 0.25 

14 crop x I. dontus knowus 1.00 0.00 10.0 5.0 0.25 
15 crop y I. dontus knowus 1.00 0.00 10.0 5.0 0.25 
16 crop 2 I. dontus knowus 1.00 0.00 10.0 5.0 0.25 
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ЧЕЗБ ARE THE RESEARCH BASELINES AS OF 4/38/1989 
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Agricultural 
Experiment Station 
Malheur 
‘Experiment Station 


November 21, 







O е оп 
University 


595 Onion Avenue | 
Ontario, Oregon 97914 (503) 889-2174 





Dr. James E. Simon 

Department of Horticulture 
Purdue University 

West Lafayette, Indiana 47907 


Dear Jin, 

Reviewing our mint data, there are only a few observations for 
peppermint and spearmint that are useful for baseline maximum 
cooling curves. To be useful we need bright sunlight, mid-season 
growth, mid-day readings, and wet soil conditions. We have only 
20 such data points for peppermint and 20 for spearmint. | 
Baseline curves are the following: 


Peppermint 
AT Հ 0.66 - 1.49 VPD | r = 0.70 


Spearmint 


AT = 0.86 - 1.46 VPD r = 0.81 





Both mints together 
AT = 0.77 - 1.48 VPD r° - 0.74 


The data and statistical analyses are included for your 
consideration. I would appreciate your comments and your 
baseline information. 


Sincerely, Browse, 
< 
A وم‎ A C صا‎ 5 
Clinton C. Shock "A Р | Мал» allen Aada ارس‎ 
Superintendent ھلھے۔ن مرن مم‎ ER | 


CS/nj - ተ 
сс: Bronson заа 
Tim Stieber 
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Mint Maximum Cooling Baselines, Ontario, Oregon. 
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-ሙጭ R‏ سا 


Equation: Y= .77331584-1.47726* X;  Correlation:-.8618003 
Enter ai to continue, or ESC to quit -- | 


Date/Time 11-21-1989 16:08:00 

Data Base Name C:MintCWSI | 

Description Data base created at 15:12:19 on 11-21-1989 
Multiple Regression Report 


Dependent Variable: PEPPERAT 


Independent Parameter Stndized Standard t-value Prob. Seq. Simple 
Variable Estimate Estimate Error  (b=0) Z Level  R-Sqr  R-Sqr 
وول سه‎ "46645349 0.0000 .6981179 0.95 0.3538 


VPD | -1.487395 -0.8371 .2290976 -6.49 0.0000 0.7008 0.7008 





Analysis of Variance Report 


Dependent Variable: PEPPERAT 





Source df Sums of Squares Mean Square F-Ratio Prob. Level 
| 1 (Sequential) 
Constant 1 252.05 252.05 
Model 1 55.61892 55.61892 42.15 0.000 
| Error ` 18 23.75108 1.319504 | 
| Total 19 79.37 4.177369 
| Root Mean Square Error 1.148697 
| Mean of Dependent Variable -3.55 
| Coefficient of Variation -.3235766 
| К Squared 0.7008 
| Adjusted R Squared 0.6841 
Quick Plot 
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| 
| Equation: Y= .6645349--1.487395% X; Correlation: -.8371111 


Մրրո --------- ------------ Multiple Regression------------------------------ 
Date/Time 11-21-1989 16:09:06 | 


Data Base Name C:MintCWSI 
Description Data base created at 15:12:19 on 11-21-1989 


Multiple Regression Report 


Dependent Variable: SPEARAT 


Independent Parameter Stndized Standard t-value Prob. Seq. Simple 
Variable Estimate Estimate Error (b-0) Level R-Sqr R-Sqr 
Intercept .8610504 0.0000 .4929856 1.75 0.0977 


УРО -1.459419 -0.9008 .1658599 | -8.80 0.0000 0.8114 0.8114 


Analysis of Variance Report 


Dependent Variable: SPEARAT 








Source df Sums of Squares Mean Square F-Ratio Prob. Level 
| | (Sequential) اا‎ | 
Constant 1 206.082 : 206.082 8 
Model 1 44.86708 : 44.86708 77.42 0.000 
Error 18 10.43092 „5794958 
Total 19 55.298 2.910421 
Root Mean Square Error | . 7612462 
Mean of Dependent Variable -3.21 
Coefficient of Variation 2 -.2371483 
R Squared 0.8114 
» Adjusted Ք Squared 0.8009 
Quick Plot 
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| Equation: Y= .8610504+-1.459419* X; Correlation: -.9007602 








Date/Time 11-21-1989 16:09:52 
Data Base Name C:MintCWSI 


Description Data base created at 15:12:19 on 11-21-1989 





Multiple Regression Report 


Dependent Variable: C5 Mint AT 


Independent Parameter Stndized Standard t-value Prob. Seq. ` Simple 
Variable | Estimate Estimate Error (b=0) Level R-Sqr R-Sqr 
Intercept „7733159 0.0000 .4245671 1.82 0.0764 | 

ር6 VP D -1.47726 -0.8618 .1410518 -10.47 0.0000 0.7427 0.7427 


Analysis of Variance Report 
Dependent Variable: C5 Mime AT 


Source df Sums of Squares Mean Square F-Ratio Prob. Level 








| (Sequential) | 
Constant 1 456.976 . | 456.976 | | 
Model 1 100.8765 x 100.8765 109.69 0.000 
Error 38 34.94754 . 9196722 
Total 39 135.824 | 3.482667 
Root Mean Square Error „9589954 
Mean of Dependent Variable -3.38 
Coefficient of Variation -.2837265 
Ք Squared 0.7427 
Adjusted Ք Squared 0.7359 
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Equation: Y= 27733158--1.47726% X; Correlation: – . 8618003 
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November 23, 1989 


Dr. Bronson Gardner | Р" 


The Carborundum Company 
P.O. Box 391316 
Solon, OH 44139 





Dear Bronson, 


We are sending you in a separate package via UPS the Scheduler. 
Please note it has been two years since you last went through the 
machine to check for defects and wear. 


Sincerely, 


ТАР 


Clinton С. Shock 
Superintendent 


CS/mj 




















Mint Maximum Cooling Baselines, Ontario, Oregon. 
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Equation: Y= 


.77331584-1.47726* X; Correlation:-.8618003 


Enter ái to continue, or ESC to quit -- 


Date/Time 


11-21-1989 16:08:00 


Data Base Name C:MintCWSI 


Description 


Data base created at 15:12:19 on 11-21-1989 


Multiple Regression Report 


Dependent Variable: PEPPERAT 


Independent 
Variable 
Intercept 
VPD 


Parameter Stndized Standard t-value Prob. Seq. Simple 
Estimate Estimate Error (b=0) Level R-Sqr R-Sqr 
. 6645349 0.0000 .6981179 0.95 0.3538 


-1.487395 -0.8371 .2290976 $$ -6.49 0.0000 0.7008 0.7008 


Analysis of Variance Report 


Dependent Variable: PEPPERAT 


Source af Sums of Squares Mean Square F-Ratio Prob. Level 
| (Sequential) 

Constant 1 252.05 252.05 

. Model 1 55.61892 55.61892 42.15 0.000 

Error 18 23.75108 1.319504 

Total 19 79.37 4.177369 

Root Mean Square Error 1.148697 

Mean of Dependent Variable -3.55 

Coefficient of Variation -.3235766 

R Squared 0.7008 

Adjusted R Squared | 0.6841 

Quick Plot 
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Equation: Y= .6645349+-1.487395* X; Correlation: -.8371111 








--2--.ж---------...-........... Multiple Regression------------------------------ 
Date/Time 11-21-1989 16:09:06 


Data Base Name ۰:17 
Description Data base created at 15:12:19 on 11-21-1989 


Multiple Regression Report 


Dependent Variable: SPEARAT 


Independent Parameter Stndized Standard t-value Prob. Seq. Simple 
Variable Estimate Estimate Error |  (b-0) Level R-Sqr R-Sqr 
Intercept „8610504 0.0000 .4929856 1.75 0.0977 


VPD -1.459419 -0.9008 .1658599  -8.80 0.0000 0.8114 0.8114 


Analysis of Variance Report 


Dependent Variable: SPEARAT 





Source ағ Sums of Squares Mean Square F-Ratio Prob. Level 
(Sequential) | 
Constant 1 206.082 206.082 
Model 1 44.86708 44.86708 77.42 0.000 
Error 18 10.43092 „5794958 
Total 19 55.298 2.910421 
Root Mean Square Error . 7612462 
Mean of Dependent Variable -3.21 
Coefficient of Variation -.2371483 
R Squared 0.8114 
Adjusted R Squared 0.8009 
ան Quick Plot 
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| Equation: Y= .8610504+-1.459419% X; Correlation:-.9007602 








rrr Multiple Regression------------------------------‏ دج 


Date/Time 11-21-1989 16:09:52 
Data Base Name C:MintCWSI 
Description Data base created at 15:12:19 on 11-21-1989 


Multiple Regression Report 


Dependent Variable: C5 Mint AT 


Independent Parameter Stndized Standard t-value Prob. Seq. Simple 





Variable | Estimate Estimate Error (р-0) Level R-Sqr R-Sqr 
Intercept „7733159 0.0000 .4245671 1.82 0.0764 
C6 ላ/ዖዕ -1.47726 -0,8618 .1410518 -10.47 Օ.0000 0.7427 0.7427 


Analysis of Variance Report ` 


Dependent Variable: C5 Mi AT 








` Source ағ Sums of Squares Mean Square F-Ratio Prob. Level 
| (Sequential) 
Constant 1 456.976 456.976 | 
Model 1 100.8765 100.8765 109.69 0.000 
Error 38 34.94754 „9196722 
Total 39 135.824 3.482667 
Root Mean Square Error „9589954 
Mean of Dependent Variable -3.38 
Coefficient of Variation -.2837265 
R Squared 0.7427 
Adjusted R Squared 0.7359 
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Equation: Y= „7733158+-1.47726* X; Correlation:-.8618003 











HOW TO CALIBRATE SCHEDULER BASELINES 





All Purpose Baselines 


One recurring question is "How do I use the Scheduler on crops for which no 
baselines are available?" In response to this question, we have developed two 


"all-purpose" baselines. They are labelled as either "high" or "low." The 


"high" index is most appropriate for use with leafy agricultural crops such аз. 


epee. cotton, tomatoes, etc. and many tree crops. The "low" index is most 
appropriate for crops with relatively low transpiration € It is up to the 
deer to decide which ТУТУ is most appropriate for his crop. These baselines 
have been given a unique, proprietary form which allows shen E properly 
as long as 7 sun is shining БЕТЕН ГӨ: Тһе вате вепега1 restraints concerning 
sampling time, sampling technique, etc., also apply to these baselines as apply 
to the standard baselines. | | 


In order to use these baselines properly, it is necessary to calibrate the 


response of a crop. This is done with a series of user conducted tests. A user 


should compare the response of ЗО ай ՋԸ with a "stressed" and 
"non-stressed" area. The stressed area should have as severe a stress as 
possible without killing the crop. This comparison provides the user with the 
upper and lower limit of crop response. A periodic re-calibration of the scale 
is recommended Since large changes in ambient temperatures Ge cool to very 
hot) or physical changes in the crop may aeret իճ calibration point. 

` For 0 Suppose a grower of corn used the low baseline instead of the 
baseline programmed in the Scheduler. He may find Éhat the range of the index 
response is between -10.0 and 85.0, with non-stressed readings generally around 
-4.0 to 0.0, and most severely stressed readings around 5.0. The user would 
feel good in assuming pre dudes values much in ው ና ой 0.0 РИ РРА 
and that index values of 3 or more are to be РЕЯ +0 This simple 


calibration approach also applies to the standard baselines. 





Standard Baselines I 


PF 


Each Scheduler comes programmed with a user selected group of baselines. | 
Ihrough our own research, we have defined these baselines for each crop as 
precisely as possible. One question which frequently surfaces is "What about. 


varietal differences in baselines?" Another is "How do the baselines change 


throughout a season?" It is clear that it is possible to construct an infinite 


number of baselines. To simplify matters and make the Scheduler a practical 


tool, the best approach to take when researching such questions as varietal 


response differences is to determine how the varieties differ with respect to a 


standard baseline. 


For example, assume a 2 ا‎ wants to determine if significant stress 
patterns ው 9ھ‎ 10 hybrids of corn. He finds that there are eré 
How to express the 00 is his problem. With one 6 he could list ten 
different ԱՏԵԼ наа: With another — € could list the "7 


difference of each hybrid from the Scheduler baseline. Growers using these 


| hybrids would then know how to adjust their Scheduler readings for each hybrid. 


We have taken great care to make each Scheduler unit as technically 
accurate and durable as possible. Any sensor (the Scheduler has four) can 


potentially change as it ages. We believe these changes will be minimal for all 


Sensors except the humidity sensor, which may need to be changed every one to 


two years. Although the absolute accuracy of a sensor may change with time, the 
Scheduler index саа tags do not become invalid. A slow drift in sensor 

calibration results in А slow change in the response scale of the index. By 
periodically calibrating a standard index to a crop (as described above), the 
user should find that he can use the Scheduler effectively for many years to 


come. 


APPLICATION МОТЕ 
USING THE SCHEDULER PLANT STRESS MONITOR ОМ ROW CROPS 


Լ... General 

The general procedures for deine the Scheduler are the same for all row 
crops. This note Summarizes these procedures and makes comments related to 
ማም: Ера, 

A young row crop, such as seen: sorghum, or soybeans begins with the 
emergence of the seedlings which are spaced several inches apart within a row in 
row spacings of typically about 30 inches. The size of these ОРИ make it 
impossible to use the Scheduler effectively for at least the first one to two 
weeks after emergence. Individual plante escis or leaf clusters must be at 
least two inches in width. | 

ርን iss тээн achieve a diameter of two inches, there is a great deal . 
of soil Still exposed, regardless of whether a user is aiming the Scheduler down 
a row or across a row. This means that only individual leaves, leaf clusters, 
or leaf whorles may be effectively sampled. This sampling is accomplished by 
aiming at the individual leaf from a distance of two to three ee: | 

It is important to remember that young plants do not have a well-developed 
root system. These plants are also exposed to soil temperatures which can be 
extremely high. 0+ the normal expected stress index for young 
plants is higher than that for plants after ground cover is nearly complete. 

For example, a stress index of three to four at 40 percent ground cover may be 
normal, but would indicate stress at 100 percent ground cover. One way of 
E رن اکم ا‎ ae ንም that the normal state of young plants is to 


be somewhat stressed. 











бар individuat leaves is still much faster inis шей рон probe or 
tensiometer readings. The Scheduler can sample an individual leaf in one-fourth > 
of a second. Each sample roughly corresponds to the area measured by a single 
Баг soil moisture block, or pressure bomb measurement. Within a few 
seconds, more area can be sampled with the Scheduler than would be practical 
with these other Чаў вай: | 

Once а row КРА СУР about 50 percent ground cover, it is possible ES 
"shoot" across the rows and not view a significant amount of soil. Remember, 
the infrared gun sees approximately what your eyes see. If you see soil, sd 
does the Scheduler. РЕ is of paramount 02 only green, sunlit 
vegetation be sampled. | | | Е 


Some researchers prefer to aim the Scheduler down a row, since researchers . 

often put different treatments on adjacent rows. When aiming down a row | 

(instead of across a row) it is important to be sure that (1) the Заг: аге 

wider tha TT of view of the infrared thermometer, and (2) only sunlit 

leaves — viewed. Row crops have ሚሜ ን Side and 4 "shaded" 5146. Always 

` view the sunny side of a row. | 

| The general guidelines for row crops are: 

1. Early in the season, measure only individual leaves or prius of leaves. 
Avoid any soil ոին measurement. 

2. Always limit samples to sunlit leaves and the sunny side of a row. 

327. Always take a minimum of 20 inis. unless the uniformity (consistency) of 
the readings is very high. 

4. Once ground cover exceeds 30-75 Байсан, a user can Бей "scanning" à 


field from designated positions, or while walking through the field. 





II. Sei fle: Crops: 

Grain Sorghum | 

Prior to headings, sorghum ንን bad не заше ав other row crops. Grain 
sorghum has a distinct seed bearing head which 2 20: the vegetative 
E This head creates a partial barrier for TA Scheduler. Effective | 
readings can still be ads. qvasi. እ ከ ም Անուն and leaves are 
sampled. Escher at the üa versity of Nebraska have been able 7 detect 
significant temperature differences between stressed and наа Arece sorghum ի 
| ہے‎ 2 height of about six feet above the top of the crop. When viewed from this 
height, fully 0-00 heads appear to compose about 30 percent of the scene 
viewed by the Scheduler. Clearly, sufficient —Á can Still be viewed էօ. 
detéct differences between stressed and سڈ اط‎ — I the effect of 
hé heads on the stress index 7 ስ ምር | 

We recommend that for use on sorghum, individual plants and leaves be 
sampled. I£ measurements above the ezêb are made (for Pee: гон a ladder), 
then the maximum effective distance is limited to about 60 feet. 3 

Grapes x | 

Researchers at Fresno State University have found that by viewing тегс 
the sunny side of a row they sbula цаа the 8 07 When emerging leaves are 
ЭР? individual leaves must be 0 As the vine gets bigger, the leaves | 
сап be sampled by standing on a short 14422: and aiming down the center of the 
vine, or while saikine alone the sunny side. Care must be taken to avoid 
shadows. It is possible to "shoot" across rows, depending on the type of 
trellises used for the vines. 18 general, a user should ran E Н Ons 
vine at a time. The sunny side of a vine can often be viewed at a "glancing" | 
| aneis for a distance of 10-20 feet. It is important to be consistent with 
sampling techniques. | | ի | 


